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(57) ABSTRACT

An inertial force sensor includes the following elements: a
sensor element for converting an inertial force into an
electrical signal; a sensor signal processor connected to the
sensor element, for outputting an inertial force value; and a
power controller for controlling electric power supply to the
sensor signal processor, based on the inertial force value.
When the inertial force value is maintained for a predeter-
mined time period within a predetermined range in which a
reference value is the middle value of the range, the power
controller reduces the electric power supply to the sensor
signal processor and updates the reference value to the
inertial force value obtained after a lapse of the predeter-
mined time period.
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1
INERTIAL FORCE SENSOR AND
ELECTRONIC DEVICE USING SAME

TECHNICAL FIELD

The present invention relates to an inertial force sensor for
use in various electronic devices, e.g. a digital camera, a
mobile terminal, and a robot, and to an electronic device
including the inertial force sensor.

BACKGROUND ART

FIG. 9 is a block diagram of a conventional inertial force
sensor. Inertial force sensor 1 includes the following ele-
ments: vibrator 2; self-exited vibration circuit 3 for driving
vibration of vibrator 2; detection circuit 4 connected to
vibrator 2, for outputting an inertial force value; power
controller 5 for controlling electric power supply to self-
exited vibration circuit 3 and detection circuit 4; and trigger
signal input part 6 connected to power controller 5.

Power controller 5 reduces the electric power supply to
self-exited vibration circuit 3 or detection circuit 4 when
detection circuit 4 does not detect the amount of inertia. In
response to a trigger input from trigger signal input part 6,
power controller 5 restores the reduced electric power
supply to self-exited vibration circuit 3 or detection circuit
4 to rated electric power.

For instance, Patent Literature 1 is known as the prior art
documents related to the present invention.

CITATION LIST
Patent Literature

PTL1 Japanese Patent Unexamined Publication No. 2002-
350139

SUMMARY OF THE INVENTION

An inertial force sensor of the present invention includes
the following elements:
a sensor element for converting an inertial force into an
electrical signal;
a sensor signal processor connected to the sensor element,
for outputting an inertial force value; and
apower controller for controlling electric power supply to
the sensor signal processor, based on the inertial force
value.
When the inertial force value is maintained for a predeter-
mined time period within a predetermined range in which a
reference value is the middle value of the range, the power
controller reduces the electric power supply to the sensor
signal processor and updates the reference value to the
inertial force value obtained after a lapse of the predeter-
mined time period.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of an inertial force sensor in
accordance with a first exemplary embodiment of the pres-
ent invention.

FIG. 2 is a block diagram of an angular velocity sensor in
accordance with the first exemplary embodiment.

FIG. 3 is a block diagram showing a configuration
example of a power controller in accordance with the first
exemplary embodiment.
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FIG. 4 is a graph showing an example of control of the
power controller in accordance with the first exemplary
embodiment.

FIG. 5 is a graph showing an example of measuring a
predetermined time period using a counter.

FIG. 6 is a block diagram of an inertial force sensor in
accordance with a second exemplary embodiment of the
present invention.

FIG. 7 is a block diagram of an inertial force sensor that
includes an acceleration sensor element and an angular
velocity sensor element in accordance with the second
exemplary embodiment.

FIG. 8 is a block diagram of an electronic device includ-
ing the inertial force sensor in accordance with the second
exemplary embodiment.

FIG. 9 is a block diagram of a conventional inertial force
sensor.

DESCRIPTION OF EMBODIMENTS

When vibrator 2 has a large temperature characteristic in
conventional inertial force sensor 1, the value of the amount
of inertia varies with the temperature change. Thus, even
when no inertial force is applied, power controller 5 main-
tains electric power supply to self-excited vibration circuit 3
and detection circuit 4.

First Exemplary Embodiment

FIG. 1 is a block diagram of inertial force sensor 10 in
accordance with the first exemplary embodiment of the
present invention. Inertial force sensor 10 includes the
following elements: sensor element 11 for converting an
inertial force into an electrical signal; sensor signal proces-
sor 12 connected to sensor element 11, for outputting an
inertial force value; and power controller 13 for controlling
electric power supply to sensor signal processor 12, based on
the inertial force value output from sensor signal processor
12. When the inertial force value is maintained for a pre-
determined time period within a predetermined range in
which a reference value is the middle value of the range,
power controller 13 reduces the electric power supply to
sensor signal processor 12 and updates the reference value
to the inertial force value obtained after a lapse of the
predetermined time period. Thus, inertial force sensor 10
can reduce power consumption with a simple configuration
and high accuracy.

Hereinafter, a description is provided for a specific con-
figuration example and operation example of inertial force
sensor 10, with reference to FIG. 2 through FIG. 4.

FIG. 2 is a block diagram of angular velocity sensor 10a
as an example of inertial force sensor 10. Angular velocity
sensor element 11a corresponds to sensor element 11 of FIG.
1. Angular velocity sensor signal processor 12a corresponds
to sensor signal processor 12 of FIG. 1.

Angular velocity sensor element 1la is connected to
angular velocity sensor signal processor 12a. Angular veloc-
ity sensor signal processor 12q is formed of driver 126 and
detector 12¢. Driver 1256 outputs a drive signal, and thereby
drives vibration of angular velocity sensor element 1la.
Further, driver 126 receives a monitor signal from angular
velocity sensor 11a, and thereby makes feedback control
such that driving vibrations of angular velocity sensor
element 11a have constant amplitude. Detector 12¢ detects
the detection signal output from angular velocity sensor
element 11a, using the monitor signal received from driver



US 9,464,898 B2

3

12b, and outputs an angular velocity value obtained by
integration using a low-pass filter (not shown).

When the angular velocity value output from detector 12¢
is maintained for a predetermined time period within a
predetermined range in which a reference value is the
middle value of the range, power controller 13 reduces the
electric power supply to at least one of driver 126 and
detector 12¢. Preferably, the electric power supply to driver
125 is not reduced, and the electric power supply to detector
12¢ is reduced. Driver 125 always drives vibration of
angular velocity sensor element 11a. This can shorten the
start-up time when electric power is restored to the normal
power in response to an externally-supplied trigger signal.

FIG. 3 is a block diagram of power controller 13. Window
part 13a receives angular velocity value 15 output from
detector 12¢. When angular velocity value 15 is within a
predetermined range in which a reference value set in
window part 13a is the middle value of the range, window
part 13a outputs static signal 145. When static signal 145 is
continuously input for a predetermined time period set in
time measuring part 135, the time measuring part outputs
electric power supply reducing signal 14¢ for reducing the
electric power supply to sensor signal processor 12, and
outputs reference value updating signal 14d. Upon receiving
reference value updating signal 144, reference value updat-
ing part 13¢ outputs angular velocity value 15 as new
reference value 14e to window part 13a.

FIG. 4 is a graph showing an example of control of power
controller 13. The horizontal axis shows a time; the vertical
axis shows an angular velocity. When angular velocity value
15 is within range R in which reference value 16 is the
middle value of upper threshold 17 and lower threshold 18,
window part 13a (see FIG. 3) outputs static signal 145 (see
FIG. 3) to time measuring part 135 (see FIG. 3). With
reference to FIG. 4, static signal 145 is output in the time
periods from time t1 to time t2, and from time t3 to time t4.

When static signal 145 continues for predetermined time
period T, time measuring part 136 outputs electric power
supply reducing signal 14¢ and reference value updating
signal 14d4. With reference to FIG. 4, static signal 1454 is
input to time measuring part 134 in the time period from
time t1 to time t2. However, time period T1 from time t1 to
time t2 is shorter than predetermined time period T, and thus
neither electric power supply reducing signal 14¢ nor ref-
erence value updating signal 144 is output. Thereafter, static
signal 145 is input again from time t3, and at time t4, time
period T2 counted from time t3 becomes equal to predeter-
mined time period T. Thus, electric power supply reducing
signal 14¢ and reference value updating signal 144 are
output. As a result, at time t4, the electric power supply to
sensor signal processor 12 is reduced and reference value 16
in window part 13 is updated to new reference value 16a,
which is an angular velocity value at time t4. That is,
reference value 16 is updated to the inertial force value
obtained after a lapse of predetermined time period T (new
reference value 164). In this exemplary embodiment, the
inertial force value at time t4 after a lapse of predetermined
time period T is set to a new reference value. However, the
inertial force value exactly at time t4 does not need to be
used necessarily. That is, the inertial force values are sub-
stantially equivalent before and after the electric power
supply to sensor signal processor 12 is reduced, and thus the
inertial force value immediately before the lapse of time (in
the time period from time t3 to time t4) or immediately after
the lapse of time (immediately after time t4) may be used as
the new reference value.
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In FIG. 4, no angular velocity is applied to angular
velocity sensor 10a, but changes in the ambient temperature
of angular velocity sensor element 11a gradually increase
angular velocity value 15. This makes it highly possible that
the angular velocity value output from detector 12¢ exceeds
upper threshold 17. However, in this exemplary embodi-
ment, at time t4, reference value 16 in window part 13 is
updated to the angular velocity value at time t4 as new
reference value 16a. Thus, after the electric power supply to
sensor signal processor 12 is returned to the normal value in
response to an externally-supplied trigger signal, window
part 13a operates in reference to new reference value 16a.
Therefore, even in angular velocity sensor 10a having a
large temperature characteristic, low-power-consumption
control can be performed with high accuracy.

When angular velocity value 15 exceeds range R in which
reference value 16 is the middle value of upper threshold 17
and lower threshold 18 of the range, power controller 13
may lengthen predetermined time period T. For instance,
after an angular velocity is applied to an electronic device
including angular velocity sensor 104, this configuration can
make the electric power supply to sensor signal processor 12
unlikely to decrease.

FIG. 5 is a graph showing an example of measuring a
predetermined time period using a counter in accordance
with the first exemplary embodiment of the present inven-
tion. Power controller 13 (see FIG. 3) confirms angular
velocity value 15 on predetermined cycle T0, and measures
predetermined time period T using the product of predeter-
mined cycle TO and a counter value. Specifically, time
measuring part 135 (see FIG. 3) increments the counter
value every predetermined cycle TO while static signal 145
(see FIG. 3) is input. When the counter value exceeds a
counter threshold, time measuring part 136 determines that
predetermined time period T is reached and outputs electric
power supply reducing signal 14¢ (see FIG. 3) and reference
value updating signal 144 (see FIG. 3).

That is, power controller 13 confirms angular velocity
value 15 on predetermined cycle TO and stores the number
of predetermined cycles T0. Power controller 13 calculates
a time period using the product of predetermined cycle T0
and the number of times, and determines whether the time
period is equal to predetermined time period T or not. When
the inertial force value is maintained for the predetermined
time period within a predetermined range in which the
reference value is the middle value of the range, power
controller 13 outputs electric power supply reducing signal
14c¢ and reference value updating signal 14d.

In the example of FIG. 5, the counter threshold is 9. The
counter value is incremented every predetermined cycle T0.
In the period from time t1 to time t2, angular velocity value
15 exceeds upper threshold 17 before the counter threshold
reaches 9, and thus the counter value is reset to 0. In the
period starting at time t3 and thereafter, the counter value is
incremented again. At time t4, the counter threshold reaches
9, and thus time measuring part 136 outputs electric power
supply reducing signal 14¢ and reference value updating
signal 144d. Thus, measuring the predetermined time period
using a counter allows low-power-consumption control with
a simple configuration.

When angular velocity value 15 exceeds range R in which
reference value 16 is the middle value of upper threshold 17
and lower threshold 18, power controller 13 may increase
the counter threshold. That is, when angular velocity value
15 exceeds a predetermined range in which reference value
16 is the middle value, power controller 13 may increase the
number of predetermined cycles T0. For instance, after an
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electronic device including angular velocity sensor 10a is
driven and an angular velocity is applied to the electronic
device, this configuration can make the electric power
supply to sensor signal processor 12 unlikely to decrease.
When angular velocity value 15 exceeds range R in which
reference value 16 is the middle value of upper threshold 17
and lower threshold 18, power controller 13 may extend
range R by increasing upper threshold 17 or decreasing
lower threshold 18. For instance, after an angular velocity is
applied to an electronic device including angular velocity
sensor 10q, this configuration can make the electric power
supply to sensor signal processor 12 unlikely to decrease.
In the description of this exemplary embodiment, angular
velocity sensor 10a is used as a specific example of inertial
force sensor 10. The present invention is also applicable to
other types of inertial force sensors, such as an acceleration
sensor, a pressure sensor, and a geomagnetism sensor.

Second Exemplary Embodiment

Hereinafter, a description is provided for the advantage of
the second exemplary embodiment, mainly focusing on the
differences from the first exemplary embodiment.

FIG. 6 is a block diagram of inertial force sensor 20 in
accordance with the second exemplary embodiment of the
present invention. Inertial force sensor 20 includes first
sensor element 21, second sensor element 22, first sensor
signal processor 23, second sensor signal processor 24, and
power controller 25. First sensor element 21 converts a first
inertial force into an electrical signal. Second sensor element
22 converts a second inertial force, which is different from
the first inertial force, into an electrical signal. First sensor
signal processor 23 is connected to first sensor element 21
and power controller 25. First sensor signal processor 23
receives an electrical signal from first sensor element 21 and
outputs a first inertial force value. Second sensor signal
processor 24 is connected to second sensor element 22 and
power controller 25. Second sensor signal processor 24
receives an electrical signal from second sensor element 22
and outputs a second inertial force value. Power controller
25 is connected to first sensor signal processor 23 and
second sensor signal processor 24. Based on the first inertial
force value, power controller 25 controls the electric power
supply to second sensor signal processor 24. When the first
inertial force value is maintained for a predetermined time
period within a predetermined range in which a reference
value is the middle value of the range, power controller 25
reduces the electric power supply to second sensor signal
processor 24 and updates the reference value to the first
inertial force value.

This configuration allows low-power-consumption con-
trol of second sensor signal processor 24 to be performed
based on the first inertial force value with high accuracy.
Preferably, in two sensor signal processors, one having
lower power consumption is set to first sensor signal pro-
cessor 23. With this configuration, the power consumption
of second sensor signal processor 24, which is higher than
that of the first sensor signal processor, can be reduced, using
the first inertial force detectable with lower power consump-
tion.

FIG. 7 is a block diagram of inertial force sensor 20a, as
an example of inertial force sensor 20, that includes accel-
eration sensor element 2la and angular velocity sensor
element 22a. Acceleration sensor element 214 is used as first
sensor element 21, and angular velocity sensor element 22a
is used as second sensor element 22.

10

15

20

25

30

35

40

45

50

55

60

65

6

Acceleration sensor element 21a¢ has a flexible portion
(not shown), and the displacement of the flexible portion
caused by acceleration is converted into an electrical signal.
Acceleration sensor signal processor 23a detects the elec-
trical signal.

Angular velocity sensor element 224 has a flexible portion
(not shown). A driving vibration is applied to the flexible
portion, and the displacement of the flexible portion caused
by Coriolis force is converted into an electrical signal. Here,
the Coriolis force occurs in the axial direction orthogonal to
both of the vibration drive shaft and the shaft to which an
angular velocity is applied. Angular velocity sensor signal
processor 24a outputs the electrical signal.

As shown in FIG. 2, angular velocity sensor signal
processor 24a includes a driver and a detector. The driver
drives vibration of angular velocity sensor element 22a.
Thus, the power consumption of angular velocity sensor
signal processor 24a is higher than that of acceleration
sensor signal processor 23a.

When the acceleration value output from acceleration
sensor signal processor 23a is maintained for a predeter-
mined time period within a predetermined range in which a
reference value is the middle value of the range, power
controller 25 reduces the electric power supply to angular
velocity sensor signal processor 24a. Thus, in the inertial
force sensors for detecting two different types of inertial
forces, the power consumption in the signal processor hav-
ing higher power consumption can be reduced.

Further, the operation of restoring angular velocity sensor
signal processor 24a can be performed using acceleration
sensor signal processor 23a. For instance, when the accel-
eration value output from acceleration sensor signal proces-
sor 23a exceeds a predetermined threshold, power controller
25 restores the electric power supply to angular velocity
sensor signal processor 24a to the normal value. With this
configuration, low-power-consumption control and restore
control can be performed only in inertial force sensor 20a
without any externally-supplied trigger signal.

In this exemplary embodiment, acceleration sensor ele-
ment 21a is used as first sensor element 21, and a geomag-
netism sensor element or an atmospheric pressure sensor
element may be used. Angular velocity sensor element 22a
is used as second sensor element 22, and a vibrating type
acceleration sensor element and a vibrating type distortion
sensor element may be used.

FIG. 8 is a block diagram of electronic device 33 includ-
ing inertial force sensor 30 in accordance with the second
exemplary embodiment of the present invention.

Inertial force sensor 30 is different from inertial force
sensor 20 of FIG. 6 in that inertial force sensor 30 has
interface controller 31. Interface controller 31 is connected
to first sensor signal processor 23, second sensor signal
processor 24, and power controller 25.

A first inertial force value output from first sensor signal
processor 23 is input to interface controller 31 and power
controller 25. A second inertial force value output from
second sensor signal processor 24 is input to interface
controller 31.

Interface controller 31 is connected to CPU 32 provided
outside inertial force sensor 30 and can transmit signals to
the CPU and receive signals from the CPU. Interface con-
troller 31 can also transmit signals to power controller 25.
The other operations are the same as those in inertial force
sensor 20, and the description thereof is omitted.

CPU 32 changes the polling period in which signals are
transmitted to and received from interface controller 31 in
response to the normal state (operating state) or the sleep
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state (non-operating state). Specifically, CPU 32 makes the
polling period in the sleep state (non-operating state) longer
than the polling period in the normal state (operating state).
That is, CPU 32 lengthens the signal transmission and
reception period while the electric power supply to second
sensor signal processor 24 is reduced. CPU 32 for control-
ling electronic device 33 has a large circuit scale, which
increases the power consumption. Lengthening the polling
period in the sleep state (non-operating state) can reduce the
processing load of CPU 32, thus reducing the power con-
sumption of electronic device 30. Here, the normal state
means the state where inertial sensor 30 is in operation, and
the sleep state means the state where inertial sensor 30 is not
in operation.

In this exemplary embodiment, a description is provided
for a configuration where interface controller 31 is added to
inertial force sensor 20. Interface controller 31 may be added
to inertial force sensor 10 of FIG. 1 and connected to CPU
32. In this case, CPU 32 lengthens the signal transmission
and reception period while the electric power supply to
sensor signal processor 12 is reduced.

Also in this exemplary embodiment, examples of first
sensor element 21 include an acceleration sensor element, a
geomagnetism sensor element, and an atmospheric pressure
sensor element. Examples of second sensor element 22
include an acceleration sensor element, a vibration type
acceleration sensor element, and a vibration type distortion
sensor element.

INDUSTRIAL APPLICABILITY

The inertial force sensor of the present invention can
reduce power consumption with a simple configuration and
high accuracy, and thus is useful as an inertial force sensor
for use in various electronic devices, such as a digital
camera, a mobile terminal, and a robot.

REFERENCE MARKS IN THE DRAWINGS

1, 10, 20, 20a, 30 Inertial force sensor
10a Angular velocity sensor

11 Sensor element

11a Angular velocity sensor element

12 Sensor signal processor

12a Angular velocity sensor signal processor
13 Power controller

13a Window part

135 Time measuring part

13¢ Reference value updating part

145 Static signal

14¢ Electric power supply reducing signal
144 Reference value updating signal

14e, 16a New reference value

15 Angular velocity value

16 Reference value

17 Upper threshold

18 Lower threshold

21 First sensor element

21a Acceleration sensor element

22 Second sensor element

22a Angular velocity sensor element

23 First sensor signal processor

23a Acceleration sensor signal processor
24 Second sensor signal processor

24a Angular velocity sensor signal processor
25 Power controller

31 Interface controller
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32 CPU
33 Electronic device

The invention claimed is:

1. An inertial force sensor comprising:

a sensor element configured to convert an inertial force
into an electrical signal;

a sensor signal processor connected to the sensor element
and configured to receive the electrical signal and
output an inertial force value; and

a power controller configured to

reduce an electric power supply to the sensor signal
processor when the inertial force value is maintained
for a predetermined range, and configured to update a
middle value of the predetermined range when the
inertial force value is maintained for a predetermined
time period.

2. The inertial force sensor of claim 1, wherein when the
inertial force value exceeds the predetermined range, the
power controller is configured to lengthen the predetermined
time period.

3. The inertial force sensor of claim 1, wherein when the
inertial force value exceeds the predetermined range, the
power controller is configured to extend the predetermined
range.

4. The inertial force sensor of claim 1, wherein the power
controller is configured to confirm the inertial force value on
a predetermined cycle, and determine the predetermined
time period, using a product of the predetermined cycle and
a predetermined number of times.

5. The inertial force sensor of claim 4, wherein when the
inertial force value exceeds the predetermined range, the
power controller is configured to increase the predetermined
number of times.

6. An inertial force sensor comprising:

a first sensor element configured to convert a first inertial

force into an electrical signal;

a second sensor element configured to convert a second
inertial force, which is different from the first inertial
force, into an electrical signal;

a first sensor signal processor connected to the first sensor
element and configured to output a first inertial force
value;

a second sensor signal processor connected to the second
sensor element and configured to output a second
inertial force value; and

a power controller configured to reduce an electric power
supply to the second sensor signal processor based on
the first inertial force value

when the inertial force value is maintained for a prede-
termined range, and configured to update a middle
value of the predetermined range when the inertial
force value is maintained for a predetermined time
period.

7. The inertial force sensor of claim 6, wherein when the
first inertial force value exceeds the predetermined range,
the power controller is configured to lengthen the predeter-
mined time period.

8. The inertial force sensor of claim 6, wherein when the
first inertial force value exceeds the predetermined range,
the power controller is configured to extend the predeter-
mined range.

9. The inertial force sensor of claim 6, wherein the power
controller is configured to confirm the first inertial force
value on a predetermined cycle, and determine the prede-
termined time period, using a product of the predetermined
cycle and a predetermined number of times.



US 9,464,898 B2
9

10. The inertial force sensor of claim 9, wherein when the
first inertial force value exceeds the predetermined range,
the power controller is configured to increase the predeter-
mined number of times.

10

a window part configured to output static signal when the
inertial force value is maintained within a predeter-
mined range;

11. An electronic device comprising:

the inertial force sensor of claim 1; and

a CPU configured to periodically transmit signals to and
receive signals from the inertial force sensor,

wherein the CPU is configured to lengthen a cycle of

a time measuring part configured to receive the static
signal and output an electric power supply reducing
signal and a reference value updating signal when the
static signal continues for a predetermined time period,
the electric power supply reducing signal is configured
to reduce the electric power supply to the sensor signal

transmission and reception of the signals while the 10 d the ref I datine sional is confi qt
electric power supply to the sensor signal processor is anc the reference vaiue upcatiig sighat 1s contigured to
reduced. update a middle value of the predetermined range.
12. An electronic device comprising: 14. The inertial force sensor of claim 13, wherein when
the; inertial force sensor of claim 6- .an d the inertial force value exceeds the predetermined range, the
a CPU configured to periodically t;ansmit signals to and 15 POWer cqntrolleris configured to lengthen the predetermined
receive signals from the inertial force sensor, time perloq. . . .
wherein the CPU is configured to lengthen a cycle of 15. The inertial force sensor of claim 13, wherein when
transmission and reception of the signals while the the inertial force value exceeds the predetermined range, the
electric power supply to the second sensor signal power controller is configured to extend the predetermined
rocessor is reduced. range. L. . .
13p An inertial force sensor comprising: 2% 16. The inertial force sensor of claim 13, wherein the
a sensor element configured to convert an inertial force power controller is configured to confirm the inertial force
info an electrical signal; value on a predetermined cycle, and determine the prede-
a sensor signal processor connected to the sensor element temlnneddtlme p(;:nod, psuég a prboduc} O.f the predetermined
and configured to receive the electrical signal and »s cycle and a predetermined number of times.

output an inertial force value; and

a power controller configured to control electric power
supply to the sensor signal processor, based on the
inertial force value, wherein the power controller
includes:

17. The inertial force sensor of claim 16, wherein when
the inertial force value exceeds the predetermined range, the
power controller is configured to increase the predetermined
number of times.



